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© Biologic test for alcoholism. 

© Alcoholism and alcoholism susceptibility in a patient are determined by measuring a cellular indicator which 
is characteristic of intracellular cAMP concentration. In particular, intracellular cAMP concentration may be 
measured in freshly isolated lymphocytes, where a reduction in the concentration compared to the expected 
normal value is diagnostic of alcoholism. Alternatively, stimulated intracellular cAMP concentration may be 
measured in cultured cells not exposed to ethanol where an increase in the concentration compared to the 
expected normal value is indicative of a predisposition toward alcoholism. Also, decreased cAMP levels may be 
measured in cultured cells from alcoholics exposed to chronic ethanol where no decrease in the concentration of 

r"cAMP occurs when normal cultured cells are exposed to chronic ethanol. 
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BIOLOGIC TEST FOR ALCOHOLISM 



The present invention relates generally to assay methods for determining patient status and susceptibil- 
ity toward alcoholism. More particularly, the invention relates to a method for measuring a cellular indicator 
within a patient sample and relating the measurement to the patient's status as an alcoholic or susceptibility 
to alcoholism. 

5 Alcoholism is a world-wide public health and socioeconomic problem. Unfortunately, at present little is 
understood concerning the biochemical causes and effects of alcoholism, and there exists no accepted 
biologic test for determining a patient's status as an alcoholic or susceptibility to alcoholism. 

Heretofore, the diagnosis of alcoholism has depended on a detailed history and medical evaluation of 
each patient. While a variety of approaches have been tried to improve the diagnosis of alcoholism, 

10 including complex medical questionnaires and groups of clinical laboratory tests, no single approach has 
proved satisfactory. Medical questionnaires ultimately rely on the patient admitting to excessive alcohol 
consumption and therefore frequently suffer from a lack of candor. Clinical tests have simply not heretofore 
been reliable. 

It would therefore be desirable to provide a specific biologic test which can identify alcoholism in a 
75 patient. Such tests should be simple, rapid, and accurate, even when the patient suffers from medical 
complications, including liver disease. It would be particularly desirable if such a test could also identify 
persons at risk to become alcoholics. Such individuals could then be recognized early and appropriate 
counseling and/or medical treatment might be able to prevent the subsequent development of alcoholism. 

20 

Description of the Background Art 



Gordon et al. (1986) Proc. Natl. Acad. Sci USA 83: 2105-2108 describes that ethanol acutely increases 
25 adenosine receptor-stimulated cAMP levels in a clonal neural cell line, and that with time the cells adapted 
to the presence of ethanol. showing a reduction in adenosine receptor-stimulated cAMP levels. Tabakoff et 
ai. (1988) N. Engl. J. Med. 318:134-139 teaches that the inhibition of monoamine oxidase by ethanol is 
significantly higher in the platelets of alcoholics than in those of controls and that stimulation of platelet 
adenylate cyclase activity by guanine nucleotide, cesium fluoride, and prostaglandin Ei is significantly 
30 reduced in the platelets of alcoholics. A portion of the work underlying this application was presented in 
Diamond et al. (1987) Proc. Natl. Acad. Sci. USA 84:1413-1416. 



SUMMARY OF THE INVENTION 

Alcoholism and alcoholism susceptibility in a patient are determined by measuring a cellular indicator 
which correlates with intracellular cAMP synthesis. Substantial deviation of the measured value of the 
cellular indicator from an expected normal value is diagnostic of alcohol susceptibility. Conveniently, the 

40 cellular indicator may be the intracellular cAMP concentration, where a reduction of 50% or more below the 
normal value of fresh cells Is considered to be diagnostic of alcoholism, while an increase of 50% in cells 
cultured in the absence of alcohol is diagnostic of alcohol susceptibility. Alternatively, cells from persons 
susceptible to alcohol dependence cultured in the absence of ethanol followed by a predetermined 
exposure to ethanol will show a reduction in cAMP concentration of 25% or more. Other cellular indicators 

45 which are characteristic of intracellular cAMP synthesis, however, may also find use. 

In the exemplary embodiment, the basal and/or receptor-stimulated cAMP levels are determined by 
immunoassay in freshly isolated or cultured lymphocytes. Basal cAMP production is reduced by over 50% 
in the freshly isolated lymphocytes from patients suffering from alcohol dependence, while reduction of 
cAMP production in both receptor- and alcohol/receptor-stimulated freshly-isolated lymphocytes is even 

so greater. Stimulated cAMP production is increased in cultured lymphocytes derived from patients at risk for 
alcoholism, while basal cAMP production is substantially the same for all patients. In contrast, cultured 
lymphocytes exposed to ethanol will display a reduction in stimulated cAMP production while basal 
production remains substantially unchanged. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 presents basal and stimulated cAMP levels in lymphocytes from alcoholics (open bars) and 
5 control subjects (solid bars). 

Phenylisopropyladenosine (PIA) is an adenosine receptor agonist. Each bar represents the mean ± SEM (n 
= 10 forbasal and PIA; n = 9 for PIA plus ethanol). 

Fig. 2 presents basal and PIA-stimulated cAMP levels in T cells from alcoholics (open bars) and 
control subjects (solid bars). Each bar represents the mean ± SEM (n = 6). 
to Fig. 3 represents in the means * SEM for basal and stimulated (0.1 mM PIA) levels of cAMP. No 

adenosine deaminase (n = 4), 0.02 U/ml (n = 6) and 0.5 U/ml adenosine deaminase (n = 4). Addition of 
ADA significantly (p<0.04) increased stimulated levels of cAMP but did not affect basal values. 

Fig. 4. Lymphocytes were grown in fresh cell culture media for 8 days. Fresh media was added 24 
hours or 48 hours prior to assay. Bars represent means ± SEM for cAMP levels under basal and stimulated 
is conditions (0.1 mM PIA). Addition of fresh media significantly (p<0.01) increased stimulated levels of cAMP 
but did not affect basal values. 

Fig. 5. Lymphocytes were grown in culture for 8 days. 200 mM ethanol was added for the last 48 
hours, and adenosine receptor-stimulated (0.1 mM PIA and 0.1 mM PIA with 150 mM ethanol) cAMP levels 
were determined. Bars represent means ± SEM from 6 experiments. Chronic ethanol treatment significantly 
20 (p<0.05) reduced basal and stimulated levels of cAMP. 

Fig. 6. Lymphocytes were grown in culture for 7 days in the absence of ethanol and assayed for 
adenosine receptor-stimulated cAMP levels. 8ars represent means t SEM from 7 experiments. Values for 
alcoholics were significantly (p<0.001) greater than non-alcoholics. 

Fig. 7. Lymphocytes were grown in culture for 7 days. 100 mM ethanol was added for the last 24 
25 hours, and adenosine receptor-stimulated cAMP levels determined. Values represent the mean t SEM of 
the difference between cells grown in the absence of ethanol and cells chronically exposed to ethanol. 
Adenosine receptor-stimulated cAMP levels were decreased to a significantly greater degree in alcoholics 
(n = 7) than non-alcoholics (n = 9) p<0.003). There was no difference in basal values. 

30 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 



The present invention provides a simple and reliable test for determining established alcoholism and/or 

as alcoholism susceptibility in individual patients. The test relies on a biologic assay of a patient sample and is 
highly accurate regardless of patient complications, such as liver disease. 

For the purposes of the present invention, alcoholism is defined as clinically-established alcoholism 
while alcoholism susceptibility is defined as a genetic predisposition toward alcohol dependence. The tests 
are performed in a similar manner, but the results are independent in that an individual patient may test 

40 positive for either alcoholism or alcoholism susceptibility with testing positive for both. 

The test of the present Invention relies on measuring a cellular indicator which is related to the 
regulation of intracellular adenosine 3 ^'-monophosphate (cyclic AMP or cAMP) synthesis. The most 
common cellular indicator will be intracellular cAMP concentration measured in a cellular sample, where 
cAMP concentrations below normal in fresh cells are diagnostic of alcoholism. In contrast, cAMP concentra- 

45 tions above normal in cells cultured in the absence of ethanol or below normal in cultured cells exposed to 
ethanol are diagnostic of alcoholism susceptibility. It will be appreciated by those skilled in the art, however, 
that a number of other cellular indicators are available which can be related to cAMP synthesis and which 
may be diagnostic of alcoholism susceptibility. Such additional cellular indicators and methods for their 
determination are discussed in greater detail hereinbelow. 

so The tests of the present invention may be performed on a variety of patient samples, with the particular 
type of sample depending primarily on the nature of the cellular indicator which Is to be measured. Suitable 
patient samples include both cellular samples and fluid samples. Cellular samples may be derived from 
tissue, e.g., skin fibroblasts, or may be circulating cells, e.g., lymphocytes, monocytes, eosiphils, basophils, 
platelets, erythrocytes, polymorphonuclear lymphocytes, and the like. Ruid samples will include blood, 

55 plasma, serum, cerebral fluid, tears, saliva, semen, sputum, and the like. The collection and initial 
preparation of such samples are well described In the patent and scientific literature. 

In the exemplary embodiment, cAMP concentration is measured in freshly isolated or cultured patient 
lymphocytes, including T-cells, B-cells, or both. The lymphocytes may be isolated from blood or lymph 
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fluid by conventional techniques, typically by differential centrifugation, and (if desired) may then be 
cultured in a serum-free defined media which eliminates variability resulting from serum components. A 
particular defined media suitable for lymphocyte growth is described in the Experimental section 
hereinafter. Lymphocytes are seeded into the growth media at a > density in the range from about 0.1 to 0.15 

5 x 10 6 cells/ml and are maintained as suspension cultures at 37* C under humidified 5% CO2. In addition to 
the normal components for maintaining the lymphocytes, the culture media may also include a 
phosphodiesterase inhibitor, an adenosine receptor agonist or other hormone receptor agonists. Such 
additional components may be added to the growth media initially or after a predetermined time period. 
Intracellular cAMP concentration may be measured in fresh or cultured lymphocytes as follows. The 

10 lymphocytes are placed in fresh defined medium, such as Duloecco's modified phosphate buffered saline 
containing 25 mM Hepes and 10 mM glucose. A phosphodiesterase inhibitor, such as ZK62711_ from 
Rolipram, is added at a suitable concentration, typically about 10 -5 M, and the cells incubated at 37 C for 
several minutes. An enzyme capable of degrading adenosine, typically adenosine deaminase (ADA), is also 
added at a suitable concentration, typically about 1 U/ml. to eliminate the stimulatory effect of released 

75 adenosine during the assay. Suitable agonists, such as phenylisopropyladenosine (PIA) at concentrations at 
from 10 -4 to 10 -9 M, ethanol at concentrations of about 25 to 200 mM. or both, are added to the media 
and the cells allowed to incubate for a predetermined period, typically about 30 minutes. Incubation is 
stopped by disrupting the cells, typically by adding a suitable detergent and acid, such as 2% of a nonionic 
detergent and 0.1 N HCI, and extracting the cells on ice. cAMP concentration may then be measured in a 

20 centrifugation supernatant by radioimmunoassay. Both basal cAMP concentration and stimulated cAMP 
concentrations are suitable as a basis for performing the test of the present invention. 

A reduction in cAMP concentration of at least about 50% of the normal basal or normal stimulated 
concentrations in freshly isolated lymphocytes will be considered diagnostic of alcoholism. The expected 
cAMP concentration in alcoholic patients will be even lower than the diagnostic level, typically being about 

25 25% of the corresponding normal value, or less. The normal, diagnostic, and expected cAMP concentra- 
tions for basal and stimulated (agonist or agonist and ethanol) intracellular cAMP synthesis are as follows: 



cAMP Concentration 


Measured Value" 


Normal 


Diagnostic 


Expected 


Basal 


10s2 


5 


2 1 1 


Stimulated (Agonist) 


15 ± 3 


7.5 


4± 1 


Stimulated (Agonist and Ethanol) 


25 ±5 


12.5 


5 1 1 



35 * All values in pmol/10 6 cells. 



While both basal and stimulated cAMP concentrations are useful, it will normally be preferred to 
measure cAMP concentration from stimulated lymphocyte samples since the absolute difference between 
the normal cAMP concentration and the diagnostic and expected cAMP concentrations is substantially 
greater. In particular, the difference is greatest in samples which have been stimulated with both an 
adenosine receptor agonist and alcohol. The greater difference provides for a higher reliability in the test. 

Performance of the cAMP assay on fresh lymphocytes (i.e., those separated from blood or lymph fluid 
and not cultured prior to the assay) is diagnostic of the patient's present status as an alcoholic. Assay 
results demonstrating intracellular cAMP concentrations reduced below the diagnostic values set forth 
above indicate a present alcohol dependence in the subject. Such results, however, do not necessarily 
indicate a genetic predisposition toward alcohol dependence. 

To determine a genetic predisposition toward alcohol dependence (in either alcoholic or non-alcoholic 
patients), it is necessary to culture the patient's lymphocyte sample in the absence of alcohol for several 
cell divisions, usually for a period of at least about 6 days, prior to performing the cAMP assay. After such a 
period, the culture is composed primarily of daughter cells which have never been exposed to alcohol. The 
cells of alcoholics will display an increased intracellular cAMP concentration in the presence of stimulation, 
either an adenosine agonist or an adenosine agonist and ethanol. The concentration increase will be at least 
50%, and will usually be 100% or greater/The basal cAMP concentration, however, will not be substantially 
changed. The normal, diagnostic, and expected cAMP concentrations for basal and stimulated (agonist or 
agonist and ethanol) intracellular cAMP synthesis in lymphocyte culture are as follows: 



4 



EP 0 331 361 A1 



cAMP Concentration 


Measured Value* 


Normal 


Diagnostic 


Expected 


Basal 


2±1 


N/A 


2± 1 


Stimulated (Agonist) 


3i 1 


5 


8±2 


Stimulated (Agonist and Ethanol) 


4 t 1 


8 


12 ± 2 



"All values in pmol/10 6 cells. 



75 



20 



The difference in the normal and diagnostic values of cAMP concentration set forth above for the 
determination of alcoholism susceptibility may be greatly amplified by exposing the lymphocyte culture to a 
low concentration of ethanol, typically about 100 mfVI. during the final portion of the culture period, typically 
for about the last 24 hours. Such exposure results in the substantial depression of stimulated cAMP 
synthesis in the lymphocytes of alcoholic patients (typically at least about 25% of the expected normal 
value, more typically being at least about 30%, and frequently being 40% or greater) while leaving the 
corresponding value for non-alcoholic patients substantially unchanged. 

In addition to measurement of intracellular cAMP concentration, as just described, measurement of a 
number of additional cellular indicators may also serve to discriminate between susceptible and non- 
susceptible patients according to the present invention. A more detailed discussion of certain representative 
cellular indicators follows. An even more detailed discussion of the use of such indicators is provided in the 
Appendix attached hereto and made a part of this application. 

Measurement of the acute and chronic affect of ethanol on the uptake and release of adenosine in 
lymphocytes may also be correlated with intracellular cAMP synthesis. Lymphocytes from non-alcoholics 
show inhibition of adenosine uptake by acute ethanol exposure. This alcohol inhibition of adenosine uptake 
23 is lost when cells become tolerant to ethanol. Therefore, lymphocytes from alcoholics are expected to show 
no decrease in adenosine uptake on acute exposure to ethanol. Adenosine influx into the lymphocytes may 
be measured by the rapid sampling techniques of Aranow and Ullman (1986) J. Biol. Chem. 261:2014-2019. 
Adenosine accumulation may be measured in body fluids or media from cells exposed to ethanol for an 
extended period, typically ten minutes to 24 hours. Greater than normal adenosine concentrations are 
30 expected to be diagnostic of alcoholism. A decrease in adenosine uptake is diagnostic of alcoholism. 
Finally, the number and affinity of adenosine transporters may be measured using the method of Aranow et 
al. (1986) J. Biol. Chem. 261:14467-14473. Reduction in the number and/or affinity of the transporters could 
be diagnostic of alcoholism. 

An alteration in the number or affinity of adenosine receptors in a cellular sample, such as lymphocytes, 
35 due to ethanol exposure may also be diagnostic of alcoholism. The acute effects of ethanol on the Km and 
B max of adenosine receptors may be measured using a radiolabeled adenosine analog as follows. Cells are 
preincubated with adenosine deaminase under conditions which remove endogenous adenosine. Binding of 
labeled adenosine analog may then be determined as described by Linden (1984) J. Mol. Pharmacol. 
26:414-423. Binding affinity and number of binding sites is determined by Scatchard analysis. A reduction 
in the binding affinity and/or number of binding sites would be diagnostic of alcoholism. 

The acute and chronic effects of ethanol on prostaglandin Ei (PQE, ) receptor-stimulated cAMP levels 
in cultured cells may be measured to compare the sensitivity and recovery of both the PGEi and adenosine 
receptor systems to varying concentrations and times of exposure to ethanol. A decrease in the number 
and/or affinity of the PGEi receptors would be diagnostic of alcoholism. 

Changes in either the quantity or activity of G proteins or mRNA for G proteins may also be diagnostic 
of alcoholism. Specifically, reduction in the quantity or activity of G protein, or more specifically the alpha s 
subunit of G protein, may be diagnostic of alcoholism or alcoholism susceptibility. Reductions in the activity 
or amount of adenyl cyclase or an increase in the activity of intracellular phosphodiesterase may also be 
diagnostic of alcoholism. Increases in the activity of cAMP-dependent protein kinase (PKA), may also be 
diagnostic. 

This discussion of potential cellular indicators is not Intended to be exhaustive and other indicators 
which would be apparent to one skilled in the art are included within the scope of the present invention. 
The following examples are offered by way of illustration, not by way of limitation. 



40 
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Materials and Methods 



Description of Patients 

Ten volunteer, actively drinking alcoholic patients were matched for age and sex with 10 normal 
individuals (9 men and 1 woman). Each alcoholic was also age-matched with a nonalcoholic outpatient with 
liver disease. The liver disease group was not sex-matched (5 men and 5 women). Estimates of lifetime 
ethanol consumption were based on medical chart review and a patient questionnaire from which ethanol 
consumption was derived by the formula: lifetime ethanol consumption (kg) = [(grams of ethanol per 
serving) x (servings per day) x (days per month drinking) x (12) x (years of drinking)] * 1000. Blood ethanol 
levels were measured at the time blood was drawn for the lymphocyte cAMP studies. 



Materials 

Heparinized Vacutainers were obtained from Becton Dickinson. Histopaque-1 077 and RIA-grade bovine 
serum albumin were obtained from Sigma. WHfl-phenylisopropyl)adenosine (P'A) and fatty acid-free bovine 
serum albumin were obtained from Boehringer Mannheim. Ro 20-1724 was from Hoffmann-La Roche. 
Rabbit antiserum raised against cAMP conjugated to bovine serum albumin was obtained from Miles. 125 1- 
labeled cAMP was provided by Chemicon (Los Angeles). Sheep whole blood in Alsever's solution was 
obtained from Hana Media (Berkeley, CA). Cell-culture-grade 100 x 20-mm plastic Petri dishes and 2 x 75- 
mm polypropylene tubes were obtained from Falcon. 



Cell Preparation 

Human lymphocytes were prepared by established procedures (Boyum (1968) J. Clin. Lab. Invest. 21 
(Suppl. 97):77-89). Peripheral blood was collected in heparinized glass tubes (143 USP units/10 ml). Platelet 
contamination was reduced in the cell preparation by centrifuging 30-ml aliquots of blood for 20 min. at 100 
x g and removing the upper, platelet-rich layer. The remaining blood was diluted 1:3 with 
calcium/magnesium-free Hanks" balanced salt solution (HBSS) containing 25 mM Hepes (pH 7.2). Ten 
milliliters of Ficoll (density = 1.077 g/cm 3 ) were layered under 40 ml of the diluted blood in a 50-ml 
centrifuge tube. After a.25-min centrtfugation at 400 x g at room temperature, the mononuclear cells, 
including B and T lymphocytes and monocytes, were removed from the Ficoll/plasma interface with a glass 
pipette. The cells were washed twice in HBSS and suspended at a concentration of 10 s cells per ml in 
Dulbecco's phosphate-buffered saline (DPBS) containing 0.2% glucose and 25 mM Hepes (pH 7.2). Cell 
viability, assessed by trypan blue exclusion, averaged 95%. This mixed-lymphocyte preparation was used 
in all studies except for experiments with T cells described in Fig. 2. 



Isolation of T and B Cells 

T cells were separated by erythrocyte (E)-rosette formation, using a modification of the method of 
Kasakua et ai. (1983) J. Immunol. 131:2307-2315. In order to Isolate T cells, the heterogeneous lymphocyte 
preparation was resuspended after the final wash in HBSS to a concentration of 5-10 x 10 s cells per ml in 
sheep erythrocyte-absorbed DPBS containing 0.2% glucose and 5% bovine serum albumin (fatty acid-free). 
The DPBS solution was also used to prepare a 3% suspension of washed, packed sheep erythrocytes. 
Eight milliliters of both cell suspensions were mixed in a plastic centrifuge tube and kept at room 
temperature for 10 min. Ten milliliters of Ficoll was then layered under the mixture and the tubes were 
centrifuged for 30 min at 400 x g at room temperature. Rosettes (E*) of human T lymphocytes and sheep 
erythrocytes formed a pellet at the bottom of the tube, while nonrosetting (E - ) B cells and monocytes 
collected at the Ficoll interface. Erythrocytes in the E* pellet were lysed with lysing reagent (Ortho 
Diagnostics) and the remaining T cells were washed twice with calcium/magnesium-free DPBS and 
resuspended at 10 6 cells per ml in RPMI-1640 medium supplemented with 2% bovine serum albumin, 2 
mM L-glutamine, antibiotics (50 units of penicillin per ml and 50 ug .of streptomycin per ml), and 25 mM 
Hepes (pH 7.2). T cells from alcoholics and control subjects were carried through all preparations and 
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analytical procedures simultaneously. 

8 cells and monocytes were removed from the Ficoll interface, washed twice with calcium/magnesium- 
free DPBS, and resuspended at a concentration of 10 s cells per ml in supplemented RPMI-1640 without 
Hepes. This cell suspension was then poured into plastic Petri dishes (10 ml per dish) and held for 120 min 
s at 37' C in a humidified 7% C0 2 incubator. Monocytes adhered to the dish, and B cells in the suspension 
were removed and washed twice with DPBS. resuspended at 10 s cells per ml in supplemented RPMI-1640, 
and kept at 4* C. 

Both B- and T-cell suspensions were incubated with 7.3 mM L-leucine methyl ester for 45 min at room 
temperature to eliminate contaminating monocytes prior to use (Thiele et al. (1983) J. Immunol. 131:2282- 
70 2290). The reaction was stopped by the addition of 1 ml of fetal bovine serum. The cells were washed twice 
with DPBS and suspended at a concentration of 10 6 cells per ml in DPBS containing 0.2% glucose and 25 
mM Hepes (pH 7.2). 

75 Assay for Basal and Stimulated cAMP in Cells 

Cells (5 x 10 5 in 0.5 ml) were preincubated in triplicate in 12 x 75-mm polypropylene tubes for 5 min 
with 90 U.M Ro 20-1724, a phosphodiesterase inhibitor, and then incubated for 60 min with or without 80 uM 
PIA, an adenosine receptor agonist, or 80 mM EtOH in a final volume of 0.6 ml. The incubation was stopped 

20 by adding 50 ul of 2% Nonidet P-40 in 1 M HCI and extracting the cells on ice for 10 min. cAMP levels 
were determined in a 700 x g supernatant by radioimmunoassay (Koch et al. (1983) Biochem, Biophys. 
Res. Commun. 131:2282-2290). cAMP concentrations were determined without investigator bias by using an 
automated nonlinear regression analysis procedure on a Beckman DP5500 gamma counter. Protein was 
measured as described by Lowry et al. (1951) J. Biol. Chem. 193:265-275, using bovine serum albumin as 

25 standard. 

Standard conditions for cAMP determination were first established using 31 preparations of lym- 
phocytes from normal volunteers. 



30 



RESULTS 



Each of the alcoholic patients had normal weight for height, based on the Metropolitan Life Insurance 
height/weight table, and each individual was considered to be well-nourished by an experienced clinician, 

35 who examined ail of the patients in this study. Five alcoholics had normal neurologic examinations. The 
other five alcoholic patients had mild memory deficits (3), mild peripheral neuropathy (2), and mild 
cerebellar gait ataxia (2). Diagnoses In the liver disease group included hemochromatosis (2), chronic active 
hepatitis (2), postnecrotic cirrhosis, metastatic carcinoma (breast), viral hepatitis, "autoimmune" disease with 
hepatitis, Idiopathic elevation of liver enzymes, and cryptogenic cirrhosis. The mean lifetime consumption of 

40 ethanol in the alcoholic group was 13 times, greater than in the control group and 43 times greater than in 
the liver group. Two alcoholics in the study had blood ethanol levels of 1 and 2.5 mg/ml, respectively, while 
the remaining patients had no detectable blood ethanol. There was no evidence of malnutrition in the 
alcoholic subjects. Their hemoglobin levels and mean corpuscular volumes were normal, indicating 
adequate iron and folic acid ingestion. Transketolase activity was normal, suggesting an adequate thiamine- 

45 containing diet, and such markers for malnutrition as serum albumin and lymphocyte counts were also 
normal. Alcoholics and patients with liver disease exhibited abnormalities of some liver enzymes, but there 
were no statistically significant differences between the aJcoholic and matched liver disease groups. 
Laboratory values in alcoholic patients were similar to normal controls except for significantly higher serum 
glutamic-oxaloacetic transaminase and globulin. 

so PIA is an adenosine receptor agonist that is not readily transported into cells (Daly et al. (1981) Life Sci. 
28-2083-2097). Under standard conditions of assay, unstimulated (basal) and PIA-stJmulated levels of cAMP 
in normal human lymphocyte preparations (n = 31) were 8.97 ± 0.88 (SEM) and 14.85 ± 1.37 pmol per 10 s 
cells, respectively. PIA-stimulated cAMP accumulation varied as a linear function of cell number, and 
ethanol addedin vitro further increased PIA-stimulated cAMP levels in a concentration-dependent manner 

55 without changing basal cAMP levels (data not shown). There was no correlation of basal or stimulated cAMP 
levels with age or sex, but day-to-day variation was noted in some subjects. 

Alcoholics showed highly significant depressions of basal and PIA-stimulated cAMP levels in intact 
lymphocytes when compared to normal subjects (Rg. 1) or patients with liver disease. P values were 
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calculated by Wilcoxon rank sum test comparing controls to alcoholics and alcoholics to patients with liver 
disease. Mean basal cAMP levels (pmol per 10 6 cells) in controls, alcoholics, and patients with liver disease 
were 9.55 £ 1.65 (SEM), 2.30 t 0.34 (P = 0.0004), and 8.33 £ 1.29 (P = 0.0005), respectively. Mean PIA- 
stimulated cAMP levels were 15.81 ± 2.52, 3.72 ± 0.53 (P = 0.0002), and 14.04 t 1.93 (P = 0.0005), 

5 respectively. The difference between alcoholics and controls was also striking when the effect of 80 mM 
ethanol on PIA-stimulated cAMP levels was compared (Rg. 1). In addition, the percent response to ethanol 
was decreased markedly in lymphocytes from alcoholics compared to cells from normal subjects. Ethanol 
increased PIA-stimulated cAMP levels by 17.0% £ 3.8 (SEM) in lymphocytes from alcoholics compared to 
71 .0 £ 9.6% in normal individuals (P = 0.002). The mean cAMP level in PIA-stimulated lymphocytes from 

io alcoholics after addition of ethanol was 4.33 £ 0.96 (SEM) pmol per 10 6 cells, while the value for normal 
controls was 28.0 £ 5.2. 

Most of the adenosine receptors in lymphocytes appear to be associated with the T-cell fraction (Moroz 
et al. (1981) Immunol. Immunopath. 18:47-53), although this is controversial (Bonnafous (1981-1982) J. 
Recept. Res. 2:347-366). It is possible that a reduction in the percentage of circulating T cells in alcoholics 

75 might account for the reduced cAMP levels in alcoholics. To confirm that these reduced levels of stimulated 
cAMP in cells of alcoholics were not due to changes in the lymphocyte population, T cells from unmatched 
normal and alcoholic subjects were isolated and assayed separately. Rg. 2 shows that there was also a 
marked reduction in basal (P<0.02) and PIA-stimulated cAMP levels (P<0.03) in T cells recovered from 
alcoholic patients compared to controls. We found no significant effect of PIA on cAMP accumulation in B 

20 cells from alcoholics or controls (data not shown). Basal levels of cAMP were similar in B and T cells from 
each individual alcoholic or control subject studied (data not shown). 

Studies have also been conducted with lymphocytes grown In culture. Several methods to decrease the 
level of adenosine in the growth media in order to increase the response of cultured lymphocytes to 
adenosine agonist stimulation were tested. When adenosine deaminase (ADA) is included in the media at 

25 concentrations from 0.02 U/ml to 0.5 U/ml, adenosine receptor-stimulated cAMP levels are increased (Rg. 
3). Because of the improved response to adenosine stimulation in the presence of ADA, 0.02 U/ml ADA (a 
concentration found in human serum) can advantageously be added to the culture media. In addition, 
increased adenosine responsiveness in cells is promoted by changing media 24 and 48 hours prior to 
assaying adenosine receptor-stimulated cAMP levels (Rg. 4). The cell growth media should not be changed 

30 prior to day 6 in culture because loss of various growth promoting factors released by lymphocytes into the 
media would limit growth in this critical period. 

Acute exposure to ethanol further enhances cAMP production stimulated by the adenosine agonist, 
phenylisopropyladenosine (PIA) in cultured lymphocytes (Rg. 5). This is similar to the effect of ethanol on 
freshly isolated lymphocytes from normal subjects (Rg. 1). Acute exposure to ethanol does not significantly 

35 alter basal levels of cAMP in the cultured cells. 

Exposure of lymphocytes from non-alcoholics to 200 mM ethanol for 48 hours in culture (chronic 
ethanol) results in a decrease in both basal and adenosine receptor-stimulated cAMP production as well as 
a suppressed response to acute stimulation by ethanol (Rg. 5). A decrease in prostaglandin Et , (PGEi), 
receptor-stimulated cAMP levels was also observed. This decrease in cAMP production and resistance to 

■to acute stimulation by ethanol is similar to the suppressed responses we have observed in freshly isolated 
lymphocytes from alcoholics (Rg. 1). 

Chronic exposure to ethanol does not alter cell number or the proportion of cells possessing cell 
surface markers for T-cells, B-cells or the T-cell subpopulations, T-helper and T-suppressor (Table 1). 
There is also no significant change In the activity of phosphodiesterase after chronic exposure to ethanol. 

45 Enzyme activity in lymphocytes cultured with or without ethanol is 19.0 1 1.9 SEM (n = 4) and 23.7 £ 3.6 
pmoles cAMP hydrolyzed/mg prot/min (n = 6), respectively. 
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TABLE 1 



Lymphocyte Cell Populations 


Subpopulation 


Cultured 
Lymphocytes (Day 8) 


Control 


200mM 
EtOH 


T-cell 


77±5 


81 i 6 


B-cell 


9±3 


8±3 


CD4 


27 ±8 


27 t 11 


CD8 


52 t 6 


56 £ 11 


Viability 


88 i 7 


80 ±9 



Cell culture permits examination of the possibility that cells from alcoholics respond differently to 
chronic exposure to ethanol than cells from non-alcoholics. Lymphocytes from alcoholics were grown for 7 
days in culture without ethanol. Adenosine receptor-dependent cAMP accumulation was found to be higher 
than in cells from non-alcoholics (Fig. 6). This paradoxical increase in adenosine receptor stimulation in 
lymphocytes from alcoholics after several generations of growth without ethanol might reflect an abnormal 
homeostatic mechanism in the regulation of cAMP production. 

Differences in the sensitivity of lymphocytes from alcoholics compared to non-alcoholics after chronic 
exposure to ethanol was tested as follows. After exposure of lymphocytes to 100 mM ethanol for 24 hours, 
lymphocytes from alcoholics showed a significant decrease in adenosine receptor-dependent cAMP 
production whereas lymphocytes from non-alcoholics showed no change at this concentration of ethanol 
(Fig. 6). 

Taken together, these examples reveal changes in the cAMP signal transduction system in lymphocytes 
from alcoholics both in the presence and absence of ethanol, despite four or more generations in culture 
without ethanol. These findings indicate that abnormalities exist in adaptation and recovery of this important 
signal transduction system which could be unique to cells from alcoholics and could be used as markers for 
and a genetic predisposition to alcoholism. 

Chronic exposure to ethanol causes a heterologous desensitizatibn of several receptors coupled to 
adenylyl cyclase via G s (unpublished observations). The function of G 5 in cells exposed to 100 mM ethanol 
for 48 hours was measured in a complementation assay using cells that have no intrinsic G s activity but 
which can be reconstituted by exogenously added G 5 (Farfel at al. (1980) N. Eng. J. Med. 303:237-242). 
Cells chronically exposed to ethanol were found to have less G, activity than control cells. To determine 
whether this decrease was due to a decrease in the amount of alpha, (the active subunit of G s ) antibodies 
against alphas were used to measure the amount (Towbin et al. (1979) Proc. Natl. Acad. Sci. USA 76:4350) 
in chronically exposed cells and found decreased amounts in these cells as compared to controls. mRNA 
for alpha, was then measured (Sullivan et al. (1986) Proc. Natl. Acad. Sci. USA 83:6687-6691) in control 
cells and cells chronically exposed to ethanol. A decrease in alpha, mRNA from cells chronically exposed 
to ethanol was found. Measurements of alpha, function, amount, and/or mRNA thus appear to be suitable as 
a biologic test for alcoholism and possibly a genetic marker for susceptibility to alcoholism. 

Although the foregoing invention has been described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be obvious that certain changes and modifications may be 
practiced within the scope of the appended claims. 

Claims 

1. A method for determining alcoholism susceptibility in a patient, said method comprising: 
measuring stimulated cAMP concentration in cells from the patient in the absence of ethanol to obtain a 
measured value, wherein the cells have been cultured in the substantial absence of ethanol for a period 
sufficient to allow at least three cell divisions prior to such measurement; and 

comparing the measured value with a predetermined normal concentration value, whereby a measured 
value which is greater than the normal value is diagnostic of alcoholism susceptibility. 
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2. A method for determining alcoholism susceptibility in a patient, said method comprising: 
isolating cells from the patient; 

cuituring the cells in the substantial absence of ethanol for a period sufficient to allow at least three cell 
divisions; 

stimulating cAMP concentration in the cultured cells: 
measuring the level of the stimulated cAMP concentration; and 

comparing the measured value with a predetermined normal concentration value, a measured value which is 
less than the normal value being diagnostic of alcoholism susceptibility. 

3. A method according to claim 1 or claim 2 wherein the cAMP concentration is measured in 
lymphocytes. 

4. A method according to any one of the preceding claims wherein the cells have been cultured in a 
serum-free media in the presence of a phosphodiesterase inhibitor. 

5. A method according to any one of the preceding claims wherein the cells are stimulated by an 
adenosine receptor agonist. 

6. A method according to claim 5, wherein the cells are stimulated by a combination of an adenosine 

receptor agonist and ethanoi. 

7. A method according to any one of the preceding claims wherein the measured value is greater than 
the normal value by at least about 50%. 

8. A method according to claim 7 wherein the measured value is less than the normal value by at least 

about 25%. 
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